Key Points {#FPar1}
==========

There is an increasing global need for pharmacovigilance training that cannot be met by classroom courses alone.E-learning modules, using a microlearning approach to allow for distance learning and to address technological challenges, were developed, launched and evaluated.Results of surveys to evaluate the modules, using a widely recognised model to predict technological and pedagogical acceptance, indicated a high level of satisfaction and suggestions for enhancement.

Introduction {#Sec1}
============

Pharmacovigilance Training Needs {#Sec2}
--------------------------------

The need for training in pharmacovigilance (PV) has been difficult to meet since the very beginning, when this discipline was born in the aftermath of the thalidomide disaster \[[@CR1]\]. Standards and best practices needed to be developed first with colleagues from several areas of expertise working together to find common ground. Uppsala Monitoring Centre (UMC) is a World Health Organization (WHO) Collaborating Centre responsible for the operational and scientific support of the WHO Programme for International Drug Monitoring (WHO PIDM). In this role, UMC ran its first 2-week course in Uppsala in 1993, directed at an international audience, mostly colleagues working at national PV centres that were members of the WHO PIDM. As the discipline of pharmacovigilance expanded, other professional, academic and commercial organisations followed suit, offering training courses mostly in high-income countries (HIC). This increased need for training came especially from industry due to the developments in drug regulation with a corresponding need to fulfil legal obligations, including the requirement for Marketing Authorisation Holders to have a qualified person for pharmacovigilance \[[@CR2]\]. The rapid expansion of the WHO PIDM in the last 15 years, the regulatory developments spreading to countries other than HIC \[[@CR3], [@CR4]\], and the need to integrate PV activities in public health programmes and other donor-driven activities, have further increased the need for training.

Challenges {#Sec3}
----------

For many PV professionals, it is not possible to go abroad and attend a training course for several reasons, in particular, funding availability. Furthermore, the current classroom courses have limited capacity and cannot admit all applicants. These limitations were recognised at an early stage and lectures from the UMC course were therefore recorded for dissemination on the internet. However, since these lectures were long and focused on the learners in the classroom, this solution was poor at involving distance learners and there was a need to develop training material tailored to this group. Furthermore, unstable internet connections do not support teaching units of approximately 45--60 min without a break. While UMC still believes in the value of having learners from different countries learning and working together in a focussed environment, it became apparent to us that other solutions must be found to address the unmet training needs. With internet connectivity improving and increased popularity of e-learning also in low- and middle-income countries (LMIC) \[[@CR5]\], exploring the feasibility and value of e-learning seemed worthwhile. E-learning in general offers a maximum degree of flexibility, both in geographical and temporal terms, as the course can be taken anywhere on any device with an internet connection. It is also valuable in situations where classroom teaching is not possible, such as during the COVID-19 pandemic of 2020, and it will contribute to reducing the carbon footprint due to air travel.

Pedagogical Considerations {#Sec4}
--------------------------

With the need for lessons tailored to distance learners, and technological challenges such as poor internet bandwidth to be tackled, UMC opted for the microlearning approach based on small learning units (lessons) connected to specific learning objectives \[[@CR6]\]. The microlearning format, with its focus on one or a few learning objectives per lesson, also facilitates 'just-in-time' training and repetition, a key aspect of effective learning, where specific lessons that are needed during work can be easily identified and revisited \[[@CR7]\]. A recent literature review of microlearning in the health professions concluded that it has demonstrated a positive effect on retaining both knowledge and confidence among health professional learners \[[@CR8]\].

Course Set-Up and Content {#Sec5}
-------------------------

The learning management system GO+ (TICTAC Interactive, Malmö, Sweden) was selected as the online learning platform and the UMC e-learning modules were mainly created with Articulate 360 Rise (Articulate Global, Inc, New York, NY, USA). Four e-learning modules were developed, each divided into several concise video lectures (3--5 min). Different ways of presenting the content were assessed by a small selected group of eleven pilot testers, working at national PV centres in eight different countries. The feedback from the testers included their opinions regarding the learning platform, lesson length, the projection of the lecturer on the screen, the lecturer's clarity and pace, font size, supplementary graphic material, sound quality, etc. The feedback determined the final format of the course. The modules covered signal detection and causality assessment; topics frequently requested by pharmacovigilance centre staff. The overall learning objective of the first four modules was to be able to explain and apply the basic concepts of signal detection and assessment including causality assessment. These modules were launched in October 2017.

An additional module on statistical reasoning and algorithms in pharmacovigilance was developed and launched in November 2018. The overall learning objective of this fifth module was to describe how statistical reasoning and algorithms may bring value to pharmacovigilance, explain the idea of disproportionality analysis to aid signal detection and compute different measures of disproportionality.

An overview of the course content is presented in Table [1](#Tab1){ref-type="table"}. All modules were freely available via a link on the UMC website \[[@CR9]\] and were promoted to the PV community by e-mail and social media. At the launch of modules 1--4, transcripts were available as an aid to those with limited knowledge of English and could also be used to quickly review the content of each lesson without watching it. When module 5 was launched, the transcripts were complemented by subtitles in English and Spanish for all modules, as a response to user feedback obtained from the evaluation of modules 1--4. At the end of each module, the learners could answer a set of questions to check whether they understood the content and keep track of their progress.Table 1The course modules, number of lessons and total duration of the video lessonsModuleNumber of lessonsTotal duration (min)1. Introduction to signal detection615:462. Causality assessment of case safety reports725:193. Causality assessment of case series727:384. Signal assessment721:375. Statistical reasoning and algorithms in pharmacovigilance831:56The modules are subdivided into lessons with specific learning objectives

E-Learning Evaluation {#Sec6}
---------------------

E-learning development, implementation and management is a resource-demanding undertaking and there are many aspects to consider \[[@CR5], [@CR10]\]. Cook et al. argued that one should not ask *if* but instead *when* and *how* web-based learning should be used, since it is a powerful tool if used wisely, but not appropriate for all situations \[[@CR11], [@CR12]\]. Prior to integration of e-learning into an existing curriculum, the learners' needs should be assessed and learning goals and objectives should be defined in order to establish that e-learning is an appropriate choice of learning method \[[@CR13]\]. E-learning can be used as a stand-alone solution for learners in remote sites and several studies have shown that it appears to be as effective as traditional classroom lectures \[[@CR12], [@CR14]\]. It can also be used by teachers as training material.

Understanding user acceptance of e-learning is crucial to the design, implementation and management of a successful e-learning programme. Any training should ultimately lead to improved *results* for the organisation whose staff have undertaken it. This is achieved by a *changed behaviour* of staff, which in turn requires *new knowledge, skills and attitudes*, provided by the training. These aspects are often the targets of evaluation, representing levels 4, 3 and 2 in Kirkpatrick's evaluation model \[[@CR15]\]. In this paper, the focus of evaluation represents level 1 in Kirkpatrick's model where the focus is on learners' reactions to the training received, including the use of technology and pedagogical approach. Evaluating the impact and cost effectiveness of health training is difficult and many other factors that influence professional practice should be considered. No such evaluation has been done in this study, but although the costs for e-learning development are high, the cost per learner is reduced when the training is delivered to large numbers of learners \[[@CR16]\].

The authors are not aware of a previous evaluation of an e-learning course in pharmacovigilance based on microlearning. This is, however, a necessary step to determine its viability as a mode of training delivery in the context of UMC's e-learning. In this study, the aim was to evaluate how UMC's pedagogical approach and use of technology was received by learners all over the world.

Methods {#Sec7}
=======

The course was evaluated through a combination of usage data logged automatically in the learning platform and the results of two user surveys; one for modules 1--4 and one for module 5.

Usage Data {#Sec8}
----------

In conjunction with the dissemination of the two user surveys, usage data was collected from the learning platform, such as number of registrations, course completion and country distribution.

User Survey {#Sec9}
-----------

The evaluation model used in this study was based on the Unified Theory of Acceptance and Use of Technology (UTAUT), a widely recognised model to predict technological acceptance \[[@CR17]\]. Research on information technology adoption has generated many different models for explaining and predicting user behaviour, based on different sets of acceptance determinants \[[@CR18]--[@CR20]\]. In 2011, Chen proposed to integrate educational compatibility into the UTAUT and demonstrated the value of also considering learning behaviour when e-learning acceptance is evaluated \[[@CR21]\]. Inspired by this theoretical model, UMC developed a questionnaire with 25 questions, divided into the following categories: demographic profile, performance expectancy, effort expectancy, educational compatibility and behavioural intention. A few questions of a more general nature outside of these categories were also included. Performance expectancy is defined as the degree to which an individual believes that using the e-learning system will help increase job performance. Effort expectancy is the degree of ease associated with using the system. Educational compatibility refers to an individual's perception of how the system fits with his or her learning expectancies. Behavioural intention refers to an individual's intention to use the system.

The format of the questionnaire was predominantly closed questions with a small number of open questions. The latter related, for example, to suggestions for improvements, including topics for future modules. It was possible to allow free-text comments for most questions so that respondents could express personal opinions. The questionnaires (Online Resource 1, see electronic supplementary material \[ESM\]) were created in SurveyMonkey (SurveyMonkey, San Mateo, CA, USA) and the recipients were informed that anonymity was guaranteed, and that the data would be used for research only.

For all modules, all learners who had at least started the course at the time of the user survey were invited to participate. A list of these learners, including their contact information, was obtained from the learning platform. For modules 1--4, the survey was disseminated to 2067 learners from 125 countries; the survey took place in February 2018 (4 months after the launch), and the learners had 23 days to respond (Fig. [1](#Fig1){ref-type="fig"}). The survey for module 5 was disseminated to 1685 learners from 97 countries; the survey took place in August 2019 (8 months after the launch) and the learners had 25 days to respond. Reminders were sent at the end of each survey period to increase the response rate.Fig. 1Timeline of course development, launches and evaluations

To ensure that the survey respondents were geographically representative, the regional origins of survey respondents were compared with those of the learners who were invited to participate in the surveys.

Data Analysis {#Sec10}
-------------

Usage data and questionnaire results were exported to Excel and descriptively analysed with tables and graphs. All free-text responses were analysed by inductive thematic content analysis and summarised into categories. Stratification, for example, by affiliation, was applied where relevant.

Results {#Sec11}
=======

Usage Data {#Sec12}
----------

The usage data for modules 1--4 showed that, when the user survey was disseminated, 2067 learners had enrolled in the course, of whom 841 (40.7%) had completed it, and 1226 had at least started. For module 5, 1685 learners had enrolled in the course, of whom 1110 (65.9%) had completed it, and 575 had at least started. In total (modules 1--5), the learners came from 137 countries, as displayed in Fig. [2](#Fig2){ref-type="fig"} and Online Resource 2 (see ESM), and approximately half of the learners came from India.Fig. 2World map showing the geographic spread of the learners for all modules

User Surveys {#Sec13}
------------

Of the 550 learners who responded to the survey for modules 1--4 (26.6% response rate), 500 completed the whole survey and the rest partly. Of the 223 learners who responded to the survey for module 5 (13.2% response rate), 197 completed the whole survey and the rest partly. All responses were included in the analysis.

### Overall Satisfaction {#Sec14}

The overall satisfaction level was very high for all modules, as displayed in Fig. [3](#Fig3){ref-type="fig"}. When asked to rate modules 1--4 and module 5, 97.2% and 94.9% of the learners, respectively, selected either 'excellent' or 'good'.Fig. 3Overall ratings of modules 1--4 and module 5

### Demographic Profile {#Sec15}

The demographic profile of the learners is presented in Table [2](#Tab2){ref-type="table"} by country of residence, affiliation and profession. The geographic spread of the learners who participated in the surveys was categorised by WHO region \[[@CR22]\]. The course was developed with PV centre staff in mind, especially new signal assessors, but it turned out to be very popular among pharmaceutical industry staff, and other pharmacovigilance professionals.Table 2Demographic profile of the learners who participated in the user surveysDemographic profileModules 1--4 (%)Module 5 (%)Residence (WHO region) SEARO (South-East Asia)43.346.5 EURO (Europe)24.223.5 PAHO (The Americas)19.312.5 AFRO (Africa)5.77.0 EMRO (Eastern Mediterranean)4.98.0 WPRO (Western Pacific)2.62.5Affiliation Pharmaceutical company36.635.0 PV centre (national or regional)22.616.0 Academia (university, hospital)16.325.5 Health organisation8.110.0 Drug regulatory authority5.95.0 Other10.48.5Profession Pharmacist53.457.5 Medical doctor21.518.5 Other health professional9.15.5 University student5.16.5 Other10.812.0*PV* pharmacovigilance, *WHO* World Health Organization

For modules 1--4, the largest group of learners came from SEARO (South-East Asia, including India) (43.3%), followed by EURO (Europe) (24.2%) and PAHO (The Americas) (19.3%). Regarding affiliation, 36.6% of the learners worked in the pharmaceutical industry, followed by 22.6% PV centre staff and 16.3% academia professionals. When stratified by region for the affiliation 'pharmacovigilance centre', which was the primary target group of the course, the proportion of learners from AFRO (Africa) increased from 5.7 to 10.4%. More than half of the learners were pharmacists (53.4%), followed by medical doctors (21.5%). When stratified by profession for the affiliation 'pharmacovigilance centre', 69.6% were pharmacists and only 14.8% were medical doctors.

Similarly, for module 5, the largest group of learners came from SEARO (46.5%), followed by EURO (23.5%) and PAHO (12.5%). Regarding affiliation, the proportion of learners who worked in the pharmaceutical industry was similar to the results from modules 1--4, but PV centre staff decreased to 16.0% whereas academia professionals increased to 25.5%. When stratified by region for the affiliation 'pharmacovigilance centre', the proportion of learners from EMRO (Eastern Mediterranean) increased from 8.0 to 15.6%. As with modules 1--4, more than half of the learners were pharmacists (57.5%), followed by medical doctors (18.5%). When stratified by profession for the affiliation 'pharmacovigilance centre', 75.0% were pharmacists and only 9.4% were medical doctors.

For all modules, approximately a third of the learners had worked in pharmacovigilance for 1--4 years, a third for \< 1 year and the remaining third for \> 5 years.

When comparing the regional origins of the survey respondents with those of the learners who were invited to participate in the surveys, the proportions corresponded reasonably well (Table [3](#Tab3){ref-type="table"}).Table 3Comparison of the regional origins of survey respondents with those of the learners who were invited to participate in the surveysResidence (WHO region)Modules 1--4 (%)Module 5 (%)RespondentsLearnersRespondentsLearnersSEARO (South-East Asia)43.346.646.556.8EURO (Europe)24.217.323.514.4PAHO (The Americas)19.320.012.513.4AFRO (Africa)5.73.17.02.0EMRO (Eastern Mediterranean)4.95.58.010.3WPRO (Western Pacific)2.63.22.53.0UnknownN/A4.2N/A0.2*N/A* not applicable, *WHO* World Health Organization

### Performance Expectancy {#Sec16}

The questions and answers related to performance expectancy are presented in Table [4](#Tab4){ref-type="table"}. For modules 1--4, most learners (64.6%) performed signal assessments or related tasks in their daily work. Almost all learners (98.5%) responded that they would be able to put what they had learnt into practice, either 'to a great extent' or 'to some extent'.Table 4Performance expectancy of the learners who participated in the user surveysQuestionAnswer optionModules 1--4 (%)Module 5 (%)Do you perform signal assessments or related tasks in your daily work?Yes64.6N/ANo35.4N/ADo you perform statistical signal detection or related tasks in your daily work?YesN/A39.4NoN/A60.6Will you be able to put what you have learnt into practice?Yes, to a great extent51.432.3Yes, to some extent47.158.6No, not really1.69.1Was anything missing from the course?Yes14.515.7No85.684.3*N/A* not applicable

For module 5, only 39.4% of the learners had performed statistical signal detection or related tasks in their daily work and fewer learners responded that they would be able to put what they had learnt into practice (90.9%), compared with the result for modules 1--4, but the percentage was still high.

For all modules, approximately 85% (85.6% and 84.3%, respectively) of the learners were satisfied with the course content and the most frequent comments were that more details and practical examples would be appreciated as well as some exercises/assignments.

### Effort Expectancy {#Sec17}

The questions and answers related to effort expectancy are presented in Table [5](#Tab5){ref-type="table"}. For modules 1--4, most learners (90.4%) used a computer to take the course and some also used a mobile phone or a tablet. Almost all learners (99.3%) found the learning platform either 'very easy to use' or 'fairly easy to use'. The main complaint about the learning platform was the technical limitations related to how the transcripts were displayed. While watching a video, the whole transcript could not easily be simultaneously viewed. Some of the learners experienced a time lag when playing the videos (16.7%), but most of them attributed this problem to a poor internet connection. English as the course language satisfied most learners (90.4%), but this result may reflect a selection bias since people with limited English skills may not have chosen to take the course. Spanish was by far the most popular language suggestion for a future translation.Table 5Effort expectancy of the learners who participated in the user surveysQuestionAnswer optionModules 1--4 (%)Module 5 (%)Which device did you study on? (multiple answers possible)Computer/laptop90.485.7iPad/tablet5.64.0Mobile phone15.623.8Was the learning platform easy to use?Yes, very easy77.871.8Yes, fairly easy21.526.9No, not very easy0.71.4Did you experience any time lag when playing the lessons?Yes16.714.5No83.385.5Would you prefer to take the course in a different language?Yes11.3N/ANo, English is fine88.7N/AWould you prefer subtitles in additional languages?YesN/A24.6No, English and Spanish is fineN/A75.4*N/A* not applicable

For module 5, fewer learners (85.7%) used a computer to take the course, whereas the number of learners using a mobile phone increased (23.8%) compared with the result for modules 1--4. Again, almost all learners (98.7%) found the learning platform very or fairly easy to use and there were no specific complaints since the problem with the transcripts for modules 1--4 had been solved. The number of learners who experienced time lag when playing the videos had also decreased (14.5%). The learners on module 5 were free to select one of three versions and most learners (69.6%) selected the version with English subtitles, 3.9% selected the version with Spanish subtitles and the rest selected the version without subtitles. Most learners (75.4%) were satisfied with the availability of subtitles in English and Spanish, and the rest responded that they would prefer subtitles in additional languages. However, some of them may have misinterpreted the question since the most common languages requested were English and Spanish, for which subtitles already existed.

### Educational Compatibility {#Sec18}

The questions and answers related to educational compatibility are presented in Table [6](#Tab6){ref-type="table"}. The results for modules 1--4 and module 5 were very similar. For modules 1--4, most learners (84.1%) found the duration of the lessons to be 'just right'. Most learners (89.6%) responded that the visual look of the lessons aided their learning. Almost all learners (99.4%) thought that the lecturers conveyed the content clearly and responded that 'everything was easy to follow' or that 'most of it was easy to follow'. More than 90% of the learners (93.8%) found the quiz questions helpful, but some requested that more questions be presented in a randomised order. The transcripts were used by 88.7% of the learners, despite the technical issues, and some learners felt that these were very helpful. Most learners (81.3%) would have appreciated the possibility to interact with the educators and/or the other learners during the course (the learning platform did not offer this feature at the time).Table 6Educational compatibility of the learners who participated in the user surveysQuestionAnswer optionModules 1--4 (%)Module 5 (%)How would you rate the duration of the lessons?Too short13.39.4Just right84.186.5Too long2.74.2How would you rate the visual look of the lessons?Good, it aided my learning89.689.3Bad, it hindered my learning2.11.4No comment8.39.4Did the lecturers convey the content clearly?Yes, everything was easy to follow65.553.3Yes, most of it was easy to follow33.945.2No, it was difficult to follow0.61.4Did the quiz questions aid your learning?Yes93.890.5No1.74.3I have not tried the quiz yet4.45.2Did you use the transcripts?Yes, always48.4N/AYes, sometimes40.3N/ANo, never11.3N/AWould you appreciate the possibility to interact during the course?Yes, with educators35.230.4Yes, with learners4.33.9Yes, with educators and learners41.846.9No, interaction is not needed18.718.8*N/A* not applicable

For module 5, 86.5% of the learners found the duration of the lessons to be 'just right' and 89.3% agreed that the visual look of the lessons aided their learning. Almost all learners (98.5%) thought that the lecturers conveyed the content clearly and responded that 'everything was easy to follow' or that 'most of it was easy to follow'. More than 90% of the learners (90.5%) found the quiz questions helpful. The question about transcripts was not included in the survey since subtitles had been added to the lessons. Again, most learners (81.2%) would have appreciated the possibility to interact with the educators and/or the other learners during the course.

For all modules, some learners indicated that the visual look of the lessons could be improved with more animations and infographics.

### Behavioural Intention {#Sec19}

The overall satisfaction was very high for all modules. For modules 1--4, 99.2% of the learners would recommend the course to others and the corresponding number for module 5 was 99.5%. Furthermore, 99.8% of the learners who responded for modules 1--4 intended to take future UMC courses relevant to them and the corresponding number for module 5 was 100%.

### Feedback and Areas of Improvement {#Sec20}

The learners were asked to provide additional feedback on the course modules, and most comments were very positive with many requests for future courses in other pharmacovigilance topics. Some learners also expressed their appreciation of the free and easy access to the modules. Suggestions for improvements mainly concerned the need for more practical examples in the lessons as well as practical exercises to enhance the learning process and help learners apply the theory. Other common requests were to add links to references and other training resources, and to offer a forum for interaction.

Discussion {#Sec21}
==========

The aim of the e-learning course was to train a greater number of pharmacovigilance centre staff, with improved ability to perform pharmacovigilance tasks. Collected user statistics and the outcome of the user surveys clearly show that more people are reached and trained when face-to-face courses are complemented with online training. The overall rating of the e-learning course was high, and most learners were very satisfied with the learning platform and course content. Microlearning was an appropriate choice of educational strategy since most learners thought the duration of the lessons was just right.

The audience response to the course exceeded expectations with 2067 learners enrolled in the course when the first user survey was disseminated, 4 months after the launch of the first modules. In addition, 1635 learners had registered on the learning platform without starting the course. The discrepancy between registration and participation is a phenomenon observed in other online course evaluation studies \[[@CR23], [@CR24]\]. In the latter study, the authors argued that learners may undervalue a free course, signing up without making a real commitment to it. However, several learners appreciated that our course was free of charge, as reflected in the free text comments, which may have contributed to its popularity.

The course attracted learners from all over the world (134 countries) and from different settings, but the majority came from SEARO and worked in the pharmaceutical industry. This may be explained by the very large population, pharma industry growth and the expansion and regionalisation of PV in India. The learners had diverse backgrounds, but pharmacist was by far the most common profession among the learners, followed by medical doctor. Although the course was targeted at junior signal assessors, it was of interest to more senior professionals as well, and these participants are in a good position to use the material as a foundation for training in their localities.

Except for the quiz questions in the course, no evaluation of actual knowledge gained was performed. Most learners perceived that they would be able to put what they had learnt into practice, although the absence of practical exercises limited the learning of actual skills. Many learners would appreciate practical exercises as well as a forum for interaction.

Limitations {#Sec22}
-----------

Since the surveys for modules 1--4 and module 5 were not sent out until 4 and 8 months, respectively, after the launch, the response rate and the memory of the respondents may have been affected, although the assessment that the course assisted them in practice is more likely to be a reliable response compared with an immediate post-course evaluation. The results of the survey only show the opinion of the learners who responded, and may therefore contain some selection bias. Although no internationally agreed lowest acceptable response rate exists, the low response rates in the surveys is a limitation that could have biased the results of the evaluation. A brief analysis of all modules comparing the regional origins of survey respondents with those of the learners who were invited to participate in the surveys showed a reasonably good correspondence, suggesting that the survey respondents were geographically representative. Another aspect to consider is that this e-learning course was about a specific and rather advanced topic intended for a specific and limited group of learners. Hence, the results and conclusions drawn from this evaluation may not be applicable to other learning areas.

Future Direction {#Sec23}
----------------

Further developments might include an upgrade to a learning platform that allows interactivity since most of these learners requested the possibility to interact with each other and the teachers. Several studies have emphasised the importance of interaction for the learning process and showed that it is highly valued by learners \[[@CR23]--[@CR25]\]. The current e-learning course will be integrated with the UMC annual PV course, as a 'blended learning' approach. Extending the course with practical exercises is another potential improvement since it would enhance skills and it was requested by many learners.

This study demonstrated that the e-learning course was overall well received and represents a viable approach to delivering educational content. An appropriate next step is therefore to evaluate the knowledge gained during the course, whether it led to a changed behaviour after the course, and whether this changed behaviour led to improved results.

Conclusion {#Sec24}
==========

To conclude, this UMC e-learning course in pharmacovigilance based on microlearning was well received across all the aspects evaluated, with a global coverage among relevant professional disciplines, including the primary target group, national PV centre staff.

Electronic supplementary material
=================================

 {#Sec25}

Below is the link to the electronic supplementary material.Supplementary file1 (PDF 323 kb)Supplementary file2 (PDF 245 kb)
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